' INTRODUCTION
The stratum corneum is the outermost layer of our skin. It consists chiefly of corneocytes surrounded by intercellular lamellar lipid membranes and, depending on the region of the body, is approximately 15 to 25 cell layers thick. 1À3 Cholesterol is a major constituent of the intercellular lipids. 4 The surface of the stratum corneum is covered by skin surface lipids. Both squalene and cholesterol are major constituents of skin surface lipids.
5À8
The chemical structures of these compounds are displayed in Figure 1 .
In a process referred to as desquamation, humans shed their entire outer layer of skin every 2 to 4 weeks. Humans shed about a thousand cells/cm 2 /h or roughly 5 Â 10 8 cells/day. 1 A typical desquamated skin particle, referred to as a "squame", is roughly 40 Â 30 Â 2 μm, with a mass of ∼2.5 ng. 9, 10 This translates to a shedding rate per human of 30 to 90 mg skin flakes/h. 1, 11, 12 Given the rate at which humans shed their skin and the skin oils associated with these skin flakes, we anticipate that squalene and cholesterol should be major constituents of settled dust in any indoor environment that is occupied by humans. In 1973, Clark and Shirley 13 reported the percentage of skin, by weight, present in size-fractionated airborne particles collected from various indoor locations. They based their assessment on the squalene content of airborne particles coupled with their measurement of the squalene present in typical skin flakes (∼1% by weight). A chromatogram in their article ( Figure 2 in ref 13) also shows a peak for cholesterol, but its mass-fraction was not reported. Although cholesterol has subsequently been measured in outdoor airborne particles, 14À20 we have been unable to find detailed measurements of squalene or cholesterol in indoor airborne particles. Additionally, we have found only two reports of these compounds in indoor settled dust. 21, 22 Schlitt et al. 21 presented chromatograms of five house dust extracts, which display peaks for squalene and cholesterol. In each case, the peak of the latter was larger than that of the former, but neither compound was quantified. Øie et al. 22 measured organic species in 38 house dust samples. They report squalene as one of the B dx.doi.org/10.1021/es103894r |Environ. Sci. Technol. XXXX, XXX, 000-000
Environmental Science & Technology ARTICLE more prominent constituents, but do not report mass-fractions for this compound.
To examine this issue in greater detail, we have measured squalene and cholesterol mass fractions in dust samples collected as part of the ongoing Danish Indoor Environment and Children's Health (IECH) study. 23 This is a multiyear, case-base investigation of potential associations between different indoor environmental factors and children's health, especially allergies and asthma. The study included the collection of dust samples from 500 bedrooms of children (ages 3 to 5) living in the city of Odense, Denmark, and its surroundings; dust was also collected from the 151 daycare centers that the children attended.
The aim of the present article is to report the mass-fraction of squalene and cholesterol in these dust samples; to examine potential sources for these two species in children's bedrooms and daycare facilities; and to discuss the implications of these findings with respect to indoor oxidation chemistry. Additionally, the mass-fractions of squalene and cholesterol in settled dust may provide information on their concentration in other indoor compartments, including air, airborne particles, and the organic matter on exposed indoor surfaces. 24, 25 '
METHODS
The dust collection procedures and chemical analysis have been previously described. 26 In the following paragraphs we summarize these procedures; the Supporting Information contains further details.
Dust Collection. Dust was vacuumed from nonfloor surfaces in the children's bedrooms or daycare centers onto a cellulose-filter (ALK-Abell o A/S, Hørsholm, Denmark) mounted in a holder connected to a vacuum cleaner. In 2% of homes a second dust sample (duplicate) was collected. In 5% of the homes (randomly chosen) a field blank was collected. Of the total filters that were analyzed, 33 were field blanks, 12 were duplicates, and 42 were laboratory blanks.
Prior to sampling, virgin filters were preconditioned at 50% RH for at least 72 h before being weighed and labeled. After sampling, the loaded filters or blanks were wrapped in aluminum foil, placed in polyethylene bags and frozen until they were returned to the laboratory where they were conditioned at 50% RH for at least 72 h, weighed, repackaged, and refrozen. The net mass of dust on the loaded filters ranged from 40 to 1400 mg.
Chemical Analysis. The dust samples were extracted (without sieving) and analyzed following procedures similar to those described by Rudel et al. 27 The samples were spiked with isotopically labeled internal standards (diethyl phthalate-d 4 , di-noctyl phthalate-d 4 , chrysene-d 12 , and benzo[a]pyrene-d 12 ) prior to extraction and analysis. The recoveries of these deuterated internal standards/recovery surrogates were 90% or larger in all samples and blanks. The spiked dust samples were ultrasonically extracted for 30 min using 15 mL of n-hexane with 6% diethyl ether; this procedure was then repeated. The two extracts were combined and concentrated to approximately 5 mL. A 250 μL aliquot was analyzed after adding 1,2,3,4-tetrachloronaphthalene as an injection standard. Analyses were performed on an Agilent Technologies 6890N Gas Chromatograph equipped with a 5975 XL Mass Selective Detector (GC-MS) and a 7683 Series Autoinjector in a full scan acquisition mode (29À650 amu). The analytical capillary column was BPX À 5 (5% phenyl polysilphenylene siloxane), 25 m, 0.22 mm i.d., 0.25 μm film thickness; ultrahigh purity helium was used as the carrier gas. Environmental Science & Technology ARTICLE Squalene and cholesterol were first identified in the dust extracts by matching their mass spectra in the total ion chromatogram (TIC) against mass spectra in the NIST Mass Spectral Library. Their identities were subsequently confirmed by matching their spectra and retention times against those of authentic samples of squalene (CAS 7683À64À9) and cholesterol (CAS 57À88À5). In the TIC of a typical dust sample, the mass spectra obtained at the retention times of squalene and cholesterol matched those of pure squalene and cholesterol, indicating the absence of significant spectral interference in either case. The target compounds were quantified using m/z = 69 for squalene and m/z = 386 for cholesterol, while using m/z = 266 for tetrachloronaphthalene with the "Extraction Ion" procedure from the full scan chromatographs (m/z = 29À650). Calibration was performed using authentic squalene and cholesterol samples run in the same manner as the dust extracts.
The amounts of squalene found in the laboratory and field blanks were 0.7 ( 0.9 μg/filter and 2.1 ( 2.5 μg/filter, respectively; the amount of cholesterol in both laboratory and field blanks was below the limit of detection (Table S1 of the Supporting Information). The higher level of squalene in the field blanks compared to the lab blanks likely reflects a small amount of contamination from human skin oil. The estimated detection limits (from external calibration) were 0.4 μg squalene/filter and 7 μg cholesterol/filter.
The original target analytes in these dust samples were phthalate esters and PAHs. 26 It was only after the samples had been extracted and the analysis had been performed that we recognized peaks in the TIC that corresponded to squalene and cholesterol. However, at this point all of the dust samples from the children's bedrooms and daycare centers had been extracted. Therefore, to determine the extraction efficiencies for squalene and cholesterol we used portions of indoor dust from a large sample similar to those collected in Odense. This same dust had been used to evaluate the effect of sample size on the phthalate and PAH results. 26 Three separate portions of this substitute dust were spiked with squalane-d 62 and cholesterol-d 1 . The samples were then extracted using the methods described above. The squalene recovery was 0.84 ( 0.03; the cholesterol recovery was 0.44 ( 0.06. The mass fractions reported in the present study have been adjusted based on these recoveries.
We acknowledge that the analytical procedures that we used for squalene and cholesterol were not optimal. If these compounds had been targeted from the beginning, we would have spiked all of the samples with isotopically labeled squalene and cholesterol prior to analysis. The recoveries of labeled cholesterol from the portions of substitute indoor dust are indicative of suboptimal extraction using the solvent mixture and sonication procedure that was employed. In hindsight, the cholesterol measurements would have been more accurate if we had derivatized a portion of the extract with bis-(trimethylsilyl) trifluoroacetamide (BSTFA) to convert cholesterol to its trimethylsilyl derivative. 19 Although the cholesterol values are less than perfect, we judge that they are accurate enough (better than a factor of 2) to support the major findings of this article. The recoveries of labeled squalene from the portions of substitute indoor dust are acceptable and consistent with the fact that squalene was readily extracted from the dust using the solvent mixture and procedures that we employed. Squalene chromatographed well, resulting in peaks that were easily integrated. We judge that the squalene measurements have an overall accuracy of 25%.
' RESULTS AND DISCUSSION Mass Fractions in Dust. Reliable measurements of squalene and cholesterol were obtained for dust samples from 495 homes (1 sample lost, 4 with analytical issues) and from all 151 daycare centers (Table S2 of the Supporting Information contains information on nondetects). Figure 2a presents log-probability plots for squalene and cholesterol mass fractions in homes. The y axis is scaled logarithmically, whereas the x access displays the cumulative frequency, in percent, scaled for a normal distribution. Part b of Figure 2 is an analogous plot for daycare centers. For squalene, in both homes and daycare centers, the plots are linear between the 10th and 90th percentiles, indicating that the distribution of the mass-fractions is reasonably approximated as log-normal. Close to log-normal distributions have also been observed for phthalate ester and PAH mass fractions measured in these same dust samples, 26 for indoor volatile organic compounds, 28, 29 and are anticipated for environmental pollutants in general. 30 In contrast the plots for cholesterol display curvature and may reflect two or more different and substantial sources, each with its own inherent distribution.
A total of 16 semivolatile organic compounds (SVOCs) were quantified in the dust samples (squalene, cholesterol, five phthalate esters, three PAHs, and six other species). Among these 16 SVOCs, cholesterol was the most abundant and squalene was the third most abundant in the bedroom dust samples, whereas cholesterol was the second most abundant and squalene was the sixth most abundant in daycare centers. Table 1 lists geometric means and geometric standard deviations, as well as 5th, 25th, 50th, 75th, and 95th percentiles for squalene and cholesterol in dust samples collected from the children's bedrooms and daycare centers. The median levels of cholesterol are roughly 20 times larger than those of squalene in both the children's bedrooms (625 vs 32 μg/g) and the daycare centers (220 vs 12 μg/g). The levels of these compounds are roughly three times larger in the bedrooms than in the daycare centers. This stands in contrast with di(n-butyl) phthalate (DnBP), butylbenzyl phthalate (BBzP), and di(2-ethylhexyl) phthalate (DEHP), each common plasticizers, whose levels are larger in the daycare centers. 26 In part, this may reflect the facts that bedrooms are occupied for a larger percentage of the day, clothes are changed more commonly in the bedroom, and bedrooms tend to be cleaned less frequently, whereas daycare centers tend to have more vinyl toys and vinyl containing products. Cooking (primarily electric ovens and ranges) occurs at both locations; little indoor smoking occurs at either setting. As noted in the Introduction, Clark and Shirley 13 measured the percentage of skin (by weight) in airborne particles collected from various indoor locations. From their reported data, it is straightforward to calculate the mass fraction of squalene in the various size-fractions of airborne particles that they collected. Depending on the sampling location and size range, the measured mass fraction of squalene in airborne particles ranged from 40 to 1000 μg/g ( Table 2 ). For airborne particles in the 2À6 μm size range collected in either a house or laboratory corridor, the reported values were 40 and 100 μg/g, respectively; such values are consistent with the geometric mean of 32 μg/g measured in the present study. Although squalene and cholesterol have been previously identified in indoor settled dust, we could find no prior quantitative analysis of either compound in such samples. Table 3 shows interspecies correlations for squalene and cholesterol, as well as for the three PAHs, five phthalate esters and nicotine, measured in the dust samples from homes (bottom) and daycare centers (top). Also included is average CO 2 measured over two or more days in the children's bedrooms and during time periods when the daycare centers were open. As previously noted, 26 the correlations among the three PAH are strong, especially at the home locations. None of the other correlations approach this level. Squalene is weakly correlated with cholesterol at both locations (r = 0.22 for each) and CO 2 at daycare centers (r = 0.22). Cholesterol is weakly correlated with diethyl phthalate (DEP, r = 0.24) in daycare centers but not homes, which may reflect co-occurrence in certain consumer products. It is also correlated with CO 2 in homes (r = 0.20) and daycare centers (r = 0.54), which may be due to coemission during cooking. However, these r values are low and such assignments are highly speculative. Although cholesterol and the sum of PAH were correlated in outdoor PM2.5 samples collected at urban (r = 0.85) and rural (r = 0.76) sites in England, 20 no such correlation was observed in these samples of indoor settled dust.
Sources and Sinks for Squalene and Cholesterol. As noted above, squalene and cholesterol are weakly correlated in dust samples from both the bedrooms and daycare centers. Further information on the relationship between squalene and cholesterol is provided by the ratios of their mass fractions in dust. The median for the ratio of squalene to cholesterol is 0.053 for the bedroom dust samples and 0.049 for the daycare dust samples. It is instructive to compare these ratios with those anticipated if humans were the only source of these compounds.
At the surface of human skin, lipids from the sebaceous gland mix with intercellular lipids from the stratum corneum to generate skin surface lipids. 5 The lipids from the sebaceous gland are rich in squalene and poor in cholesterol; the reverse is true for intercellular lipids from the stratum corneum. The skin surface lipids of children between 1 month and 8 years of age are typically 6 to 9% squalene, 4 to 7% cholesterol, with a squalene to cholesterol ratio in the range of 1.1 to 2.5. 7, 8, 31 The skin surface lipids of adults, who have greater sebaceous gland activity, are typically 10% squalene, 2 to 3% cholesterol, with a squalene to cholesterol ratio in the range of 3 to 9. 5, 6 The ratio of squalene-tocholesterol in the stratum corneum is much lower than in skin oil À typically 0.2 to 0.5. 4 For both skin surface lipids and intercellular lipids of the stratum corneum, the ratio of squalene to cholesterol varies with the location on the body from which the sample is taken. 4, 6 It is anticipated that desquamated skin cells leave the body coated with skin oil. However, we have not found any reports in the literature on the ratio of squalene-to-cholesterol in squames (desquamated cells). There are studies that report the massfractions of either squalene or cholesterol in skin scraped from humans, but not studies which reported results for both compounds at the same time. Clark and Shirley 13 used a scalpel to dislodge skin scales from a human (they do not indicate where on the body) and report that these skin scales have a squalene content of 1% or 10 000 μg/g. Figure 2 of this same article presents a "chromatogram of the fats on skin scale scraped from the body surface" that includes peaks identified as cholesterol and squalene. Visually, the squalene peak appears to be about 5 times larger than the cholesterol peak, but the cholesterol mass-fraction is not reported and the response of the instrument to these two compounds may have differed. Schmidt et al. 32 measured cholesterol in skin scales scraped from the sole of the foot and from the leg and back (combined) of a number of human volunteers. They report a median mass-fraction of 1700 μg/g from the sole and 1600 μg/g from the leg/back. Taken together, these two studies suggest that mass-fraction of squalene on squames is larger than that of cholesterol.
The ratios of squalene to cholesterol measured in children's and adults' skin oil and inferred in desquamated cells (∼1 to 9) stand in contrast to those measured in settled dust from the bedrooms and daycare centers (∼0.05). The observed differences between these ratios suggest other indoor sources for cholesterol besides human skin flakes and/or a significantly shorter lifetime for squalene compared with cholesterol once these compounds enter an indoor environment.
Other likely indoor sources of cholesterol include cooking, skin care products and outdoor-to-indoor transport of cholesterol-containing particles. Other potential indoor sources of squalene include shark liver oil, olive oil (<1% by weight) and certain personal care products. It is known that cholesterol is a meaningful constituent of organic aerosols generated by meat charbroiling and cooking. 14, 16 Other foods and cooking fats also contain cholesterol. Hence, cooking in both homes and daycare centers is expected to be a meaningful source of cholesterol, but a less important source of squalene. Interestingly, the skin oils of most other mammals, including dogs and cats, do not contain large concentrations of squalene but do contain substantial levels of cholesterol.
5,33À35
Cholesterol has been measured in outdoor airborne particles of various sizes collected in southern California, Pittsburgh, PA, Beijing, and both urban and background sites in the UK; 14À20 reported levels ranged from beneath detection limits to 3.3 ng cholesterol/m 3 air. The investigators have suggested that the cholesterol in these outdoor particles came from meat cooking and, perhaps, aerosols generated by sea spray for locations close to the ocean. Only Harrison and Yin 20 provide sufficient information to calculate the mass fraction of cholesterol in airborne particles. Based on median concentrations of cholesterol and PM2.5 measured at the sites, the mass fraction of cholesterol in urban and rural background PM2.5 was 11 and 13 μg/g, respectively. It is likely that a small fraction of the cholesterol measured in settled dust samples from Odense came from outdoor particles transported into the children's homes or daycare centers. However, the extent of such a contribution is difficult to estimate. Ozone reacts with squalene faster than with oleic acid, 36 but it reacts with cholesterol slower than with oleic acid. 37À39 The measured reaction probability for ozone with squalene 36 is approximately 2 orders of magnitude larger than that with cholesterol 38 (3 Â 10 À4 to 4.5 Â 10 À4 vs 2.6 Â 10 À6 to 2.9 Â 10 À6 ). Hence, squalene is anticipated to have a much shorter indoor lifetime than cholesterol, given the rates at which they are oxidized. If we assume a second order, gas-phase rate coefficient of 6.4 Â 10 À5 ppb À1 s À1 for ozone with squalene 36 and 5 Â 10 À7 ppb À1 s À1 for ozone with cholesterol, 39 then at an average indoor ozone level of 5 ppb, the half-life of squalene is roughly half an hour while that of cholesterol is more than 3 days. We must be cautious regarding such an analysis. We know neither the mean age of settled dust nor how the mean age varies from bedroom to bedroom or daycare center to daycare center. Additionally, there are differences between ozone reacting with an isolated organic compound and reacting with that same compound present in a mixture. For example, a study by Weitkamp et al. 39 of ozone reacting with cholesterol, oleic acid and palmitoleic acid within meat grease aerosols indicates that factors such as relative humidity and particle composition (which presumably extends to dust composition) can affect the oxidation of different unsaturated species in different ways.
In summary, the above analyses suggest that squalene in the dust samples is derived from desquamated human skin and, to a lesser extent, personal care products. Cholesterol is also derived from desquamated human skin, but this source appears to make a smaller contribution to its overall presence in dust than does cooking. Other potential sources include particles of outdoor origin that become part of the settled dust and perhaps skin flakes from pets. Additionally, the indoor lifetime of squalene with respect to ozone appears to be much shorter than that of cholesterol. The next section provides further information regarding possible sources and sinks for these two species.
Linear regression modeling. The IECH Study (Introduction) acquired information on a number of variables related to the children's homes. 40 Multiple regression models were developed to test associations between these variables and the naturallogarithms of the mass fractions of squalene and cholesterol in the bedroom dust. The analyses were performed using STATA software, release 11.0 (StataCorp LP, College Station, Texas, USA). The final linear regression models retained variables with a significance level of p < 0.2 in the stepwise selection procedure. The most successful squalene model regressed ln (squalene) on 12 variables, whereas the most successful cholesterol model regressed ln (cholesterol) on 10 variables . Tables S3 and S4 of the Supporting Information present coefficients, factor values, confidence intervals, and p-values in the squalene and cholesterol models, respectively. Variability in squalene can be modeled slightly better than variability in cholesterol (R 2 = 0.12 compared to R 2 = 0.08, respectively), although neither model explains the majority of the measured variability. Variables included in both the squalene and cholesterol models were occupant density (number/m 3 sleeping in the child's bedroom), air change rate, number of people living in the home, use of an air freshener, family member with allergies, and presence of a gas stove. It is noteworthy that occupant density was a statistically more reliable variable for squalene than for cholesterol (p = 0.00 vs p = 0.20). Only 21 of the 490 homes with available data had gas stoves; higher levels of squalene and cholesterol in these homes may reflect lower ozone concentrations due to its titration by nitric oxide emitted during gas-cooking. Other significant variables in the squalene model were number of pets, outdoor temperature, mechanical ventilation, potted plants, condensation in winter on bedroom windows and fireplace use. Other significant variables for the cholesterol model included presence of mold, kitchen exhaust hood, smoking, and certain foods in the home (based on a questionnaire administered 1 to 3 months prior to dust Environmental Science & Technology ARTICLE collection). The fact that the sum of key foods (e.g., meats, fish, cooking oils) in a home is a significant variable for cholesterol but not for squalene is consistent with cooking as a source of the former. Variables related to the type, location and construction of the building, cleaning and ventilation habits, renovation of the home and other behavioral descriptors were tested in both models but lacked explanatory power.
Tables S5 and S6 of the Supporting Information present descriptive statistics for the variables, as well as squalene and cholesterol mass-fractions (median and geometric means) for different values of the variables. In Table S5 of the Supporting Information, it is noteworthy how the squalene mass-fractions in dust vary with the number of people living in a home and the occupant density in the bedroom. For example, for homes with 2 or 3 occupants (n = 90) the median squalene mass-fraction is 25 μg/g while for 6 or 7 occupants (n = 25), the median is 51 μg/g. Similarly, for bedrooms with an occupant density between 0.015 and 0.045 occupants/m 3 (n = 165), the median squalene value is 33 μg/g, whereas for bedrooms with an occupant density larger than 0.067 occupants/m 3 (n = 165), the median squalene value is 46 μg/g. In Table S6 of the Supporting Information, we also see larger cholesterol mass-fractions in the dust when more people are living in the home or when the occupant density in the bedroom is larger. Additionally, smoking and the presence of certain key foods have an impact on the mass-fractions of cholesterol in the dust. In homes with no smokers (n = 368) the median value for cholesterol is 806 μg/g, while in homes with indoor smokers (n = 26) the median value is 962 μg/g. In homes with 0 to 4 key foods (n = 60), the median cholesterol massfraction is 605 μg/g, whereas in homes with 6 or more key foods (n = 350) the median value is larger than 863 μg/g. The Supporting Information contains further details on the variables included in the models as well as the quality of the models.
Potential Redistribution to Other Indoor Compartments. The potential for squalene or cholesterol to redistribute from settled dust to other indoor compartments (e.g., gas phase, airborne particles, indoor surfaces) depends on their respective vapor pressures and octanol/air partition coefficients. 24 We have been unable to find measured vapor pressures (P s ) or octanol/air partition coefficients (K oa ) for either of these compounds in the peer reviewed literature. We have estimated P s and K oa for these two species using three different packages for predicting chemical properties: SPARC Online Calculator, September 2009 release w4.5, 41 http://ibmlc2.chem.uga.edu/sparc; U.S. EPA EPI Suite 4.0, http://www.epa.gov/oppt/exposure/pubs/episuite.htm; and ACD/Laboratories, http://www.chemspider.com. Table  S7 of the Supporting Information summarizes the results. The estimated vapor pressures differ by more than 2 orders of magnitude for squalene and by more than 3 orders of magnitude for cholesterol. There is a similar lack of agreement for the octanol/ air partition coefficients. Results from both SPARC and ACD Laboratories indicate that squalene is much more volatile than cholesterol, while EPI Suite predicts similar volatility for these two compounds. In the case of squalene, even the most conservative estimate of P s (SPARC) indicates that meaningful redistribution will occur over time À comparable to what is observed for di(2-ethylhexyl) phthalate. The larger estimates of P s (EPI Suite and ACD Laboratories) translate to even greater redistribution within a given time interval. In the case of cholesterol, the estimates of an extremely low P s (SPARC and ACD Laboratories) indicate that redistribution is negligible, whereas the EPI Suite estimate indicates meaningful redistribution. Given the ubiquity of these compounds in indoor environments and the important role of squalene in indoor oxidation chemistry (below), experimental determination of their P s and K oa values would be valuable, as would be measurements of their levels in other indoor compartments (e.g., airborne particles, window films, and surface wipes).
Implications for Indoor Ozone. It is only within the last five years that we've grown to appreciate the central role that squalene (from human skin oil) plays in oxidation chemistry within indoor environments. 42À47 More than half of the ozone removal measured in a simulated aircraft cabin was found to be a consequence of ozone reacting with exposed skin, hair, and clothing of passengers. 43 Of the five oxidation products produced in the largest yields, four were derived from skin oil and three of these were from squalene. 44 In a simulated office setting, two occupants reduced the steady-state ozone level by roughly a factor of 2, and, when the occupants were present, the major gas phase oxidation products were derived from squalene. 47 Of the constituents of skin oil, squalene À with its 6 double bonds À is responsible for about 40% of the ozone removal on exposed skin and hair. 46, 47 In the absence of indoor sources, ozone's indoor concentration is a function of its outdoor concentration, its penetration efficiency, the outdoorÀindoor air exchange rate and the rate at which it is consumed by gas-phase and surface processes. 48 On the basis of a number of studies, ozone's removal by indoor surfaces occurs with a rate constant typically in the range of 2.5 to 4 h À1 . 48, 49 To what extent might squalene, both in dust and perhaps also sorbed to indoor surfaces, contribute to the heterogeneous removal of indoor ozone? For commonly occurring indoor conditions, we estimate that settled dust containing squalene at 36 μg/g (median for bedroom dust) would remove ozone with a rate constant of ∼0.07 h À1 . If the dust contained squalene at 243 μg/g (95th percentile value for bedroom dust), we estimate a contribution to ozone removal of 0.5 h À1 . For comparison, we calculate that limonene at 5 ppb together with R-pinene, β-pinene, and Δ 3 -carene each at 2 ppb (common indoor concentrations 50 ) remove ozone with a rate constant of 0.12 h À1 . Details regarding these calculations are presented in the Supporting Information.
Surface soiling by squalene is anticipated to introduce a commonality among all indoor environments that are occupied by humans. These calculations suggest that squalene in settled dust and sorbed to indoor surfaces contributes, in a small way, to the indoor removal of ozone À on a scale similar to ozone removal by terpenes. 
